ABSTRACT -Optimum plot size is of fundamental importance for the results, precision and cost-effectiveness of experiments. The aim of this study therefore, was to estimate optimum plot size in a strain of the castor bean by means of the Linear Response Plateau Model (LRPM). The experiment consisted of a test for uniformity, carried out in Cruz das Almas, in the State of Bahia, Brazil. The UFRB-222 strain was used, which was planted at a spacing of 3 m x 1 m, in 10 rows of 37 plants each. The eight central rows were considered, each with 35 plants per row giving a total of 280 plants and a working area of 840 m 2 . For the evaluations, each plant was taken as one basic unit (bu) with an area of 3 m 2 , resulting in 280 bu. The characteristics under evaluation were the number of racemes harvested, the mean length of the first three racemes, number of seeds per raceme, seed weight per raceme, raceme weight per plant, number of seeds per plant and productivity. For productivity and its components, the optimum plot size is 11 experimental units in an area of 33 m 2 , at a spacing of 3 m between rows and 1 m between plants.
INTRODUCTION
The castor bean (Ricinus communis L.) was introduced to Brazil by the Portuguese during the colonial period. The oilseed, whose main products or byproducts are the oil and cake, has considerable economic potential (SILVA et al., 2016) .
Among the work carried out with the castor bean crop in Brazil and abroad, it is important to highlight experiments conducted by Guo et al. (2014) , who verified ricin toxicity in living beings; Boer and Cotingting (2014) , who found wide use of the castor bean in medicinal compounds; Severino, Mendes and Lima (2015) , who investigated the relationship between the composition characteristics of the castor bean seed and the oil content; and Fioreze et al. (2016) , who associated the influence of sowing density and the method of growing the plants with the agronomic characteristics of the species. On the other hand, research related to estimating the size and shape of experimental plots in the castor bean is still scarce, but includes the work of Patel et al. (2005) and Paludo et al. (2015) .
In agronomic experimentation, the choice of plot size for field experiments should be made with the aim of minimising variations that exist between observations made in different plots submitted to the same treatments (OLIVEIRA et al., 2014) . There are methodologies for this purpose, such as the maximum curvature of the coefficient of variation and the linear response plateau method (OLIVEIRA et al., 2014; PARANAÍBA; FERREIRA; MORAES, 2009) ; the antitonic regression test method (BRITO et al., 2012) ; the maximum distance method (LORENTZ; ERICHSEN; LÚCIO, 2012) and the method of bootstrap simulation and substitution (BRITO et al., 2014) . Each of these is used to determine plot size without the need to calculate the number of plots (CELANTI et al., 2016) .
The Linear Response Plateau Model allows the comparison of alternative combinations of lines and plateaus, and chooses the combination with the smallest sum of squared deviations as the best adjustment option (LEONARDO et al., 2014) . This method has been used in various areas and for different purposes, as seen in the work of , in experiments with the radish; Acunha et al. (2014) , in estimating sugarcane production; Nomelini et al. (2014) , in applying seed germination test methodology in Acacia polyphylla D.C.; Oliveira et al. (2014) , for estimating the optimum size of plots in banana genotypes; Bhering et al. (2015) , in determining the minimum number of Jatropha curcas L. required plants to maintain and expand the germplasm bank; and Castro et al. (2016) , in the methionine + cystine ratio in quails.
In view of the above, the aim was to estimate the optimum plot size in experiments involving castor bean genotypes by means of the Linear Response Plateau Model (LRPM). Seeds developed by the Centre for Genetic Improvement and Biotechnology (NBIO) of the CCAAB were used for sowing, and the following characteristics were evaluated: NRH -the number of racemes harvested, RL -the mean length of the first three racemes, NSRnumber of seeds per raceme, SWR -seed weight per raceme, RWP -raceme weight per plant, NSP -number of seeds per plant, and PROD -productivity. Each measurement was taken as per the Instructions for applying the tests of distinguishability, homogeneity and stability in cultivars of the castor bean (Ricinus communis L.) (BRASIL, 2008) .
MATERIAL AND METHODS
The experiment consisted of a test of uniformity, carried out on 10 rows of 37 plants each at a spacing of 3 m x 1 m, considering the eight central rows with 35 plants per row, giving a total of 280 plants and a working area of 840 m². For the evaluations, each plant was considered as one basic unit (bu) with an area of 3 m², to give 280 bu, based on a blank map of the experiment. These units were combined to form 15 different plot sizes, with the number of replications for each plot size being limited by its working area.
The Linear Response Plateau Model (LRPM) originates from an adjustment of the regression between the value of the coefficient of variation and the value of the plot in basic units (CASTRO et al., 2016) . The optimum plot size is therefore represented algebraically by the point of intersection between the line and the plateau, since from this point on, there is a low response probability for the value of the coefficient of variation (CV i ,) as a function of Optimum experimental plot size in the castor bean the increase in plot size in basic units (X i ). This model is explained by the equation:
( 1) where: CV i corresponds to the coefficient of variation (%) seen in the experiment; X i is the size of the plot in basic units, X c is the optimum plot size represented by the point of intersection for a plateau relative to the abscissa; P is the coefficient of variation at the point corresponding to the plateau; ε i is the error associated with CV i , considered to be normally and independently distributed, with a mean value of 0 and constant variance of σ 2 ε .
The estimated value of X c is the optimum plot size (in basic units) that is recommended for this type of experiment. Thus, the optimum plot size was estimated by the expression , where: , and represent the estimated values of the equation parameters.
Adjustments for each variable were made using the SAEG software (RIBEIRO JÚNIOR, 2001 ).
RESULTS AND DISCUSSION
High coefficients of variation are usually found in studies carried out with the castor bean, as demonstrated by Fernandes et al. (2015) , who evaluated fertiliser and raceme order in the agronomic performance of the 'BRS Nordestina' castor bean in Remígio in the State of Paraíba, and found CV values ranging from 9.64 to 170.72%. This is probably due to the low number of replications and/or the inadequate plot size.
Mean coefficients of variation for the characteristics under evaluation (Table 1) were obtained for each plot size by dividing the area into 15 distinct plot sizes. The values for the coefficients of variation varied from 3.71% for raceme length to 79.96% for seed weight per raceme.
It was also found that values for the coefficients of variation of the various planned plot sizes generally decreased with the increase in plot size, but at differing rates, i.e. non-linear. The trend of an inverse relationship between plot size and CV, although showing some variation, is a result of changes in the shape of the plot, which may contribute to the increase in variability. This result agrees with those obtained by Brum et al. (2016) , who calculated the optimum plot size for evaluating the weight and diameter of broccoli heads, and determined that the highest CV was seen at the smallest plot size, i.e. they found reductions in CV at various decreasing rates for increases in plot size.
The shape of the plot, expressed by the ratio between its length and width, affects experimental precision, which can be seen by verifying the behaviour of the coefficients of variation of the different shapes of plots of similar sizes. Plots whose larger dimension is perpendicular to the rows of plants, irrespective of shape and whether in rows or rectangular, generally have a lower coefficient of variation (Table 1) , and show a decrease in variability perpendicular to the rows of plants. This explains the increase in CV with the increase in plot size in some cases (DONATO et al., 2008) . In the present study, when comparing the CV of plots with a similar number of plants, for example the variable PROD, plots with four basic units (4R x 1P/ R) have a CV of 33.19%, while in plots with five basic units (1R x 5P/R) the CV increases to 35.57%, a behaviour common to other variables.
Application of the Linear Response Plateau Model (LRPM) allowed the behaviour of the variability measured by the CV to be described for all sizes of simulated plot. In terms of experimental quality, adjustment of the data to the regression model with plateau can be considered good for all the characteristics, with values for the coefficient of determination varying from 72.34% for NRH (number of racemes harvested) to 84.79% for RL (raceme length).
In the Linear Response Plateau Model, the optimum plot size equals the value where the linear model becomes a plateau in relation to the abscissa (LEONARDO et al., 2014) . The plateau was reached at a value for CV(X) of less than 15%, except for the variables NSR (number of seeds per raceme), SWR (seed weight per raceme) and PROD (productivity), where the CV(X) at the plateau was 15.89%, 20.51% and 15.73% respectively.
The estimates of optimum plot size (Xbu) ranged from 8.4 (bu) for NSR, corresponding to a coefficient of variation of 15.89% at the plateau, to 11 (bu) for NRC and RL, representing a plateau at a coefficient of variation of 12.33% and 6.29% respectively. The plot sizes found were similar to those found by Costa et al. (2006) , who used 11 plants per plot for the variables start of flowering, number of racemes per plant, effective length of the primary raceme, plant height, production potential and seed oil content; while Passos et al. (2010) used 10 plants for the variables plant height, number of days from planting to flowering, number of fruit for three racemes, number of seeds of three racemes and seed weight of three racemes. However, some authors have used larger plots, such as Torres et al. (2016) with 20 plants, and Sampaio Filho et al. (2011) with 30 castor bean plants per experimental plot.
According to Figure 1 , the maximum value for the basic units tested in the regression is 140. A value of 10.7276 bu is the recommended level of X to obtain the maximum value of Y, estimated at 15.7286, i.e. after 10.7276 basic units an increase in plot size does not reduce the coefficient of variation, e.g. it does not improve experimental accuracy.
According to Acunha et al. (2014) , when there are models and methods that seem to underestimate a satisfactory sample size, and others that perhaps overestimate it, a practical recommendation would be to take an average value among the results obtained for each variable, which would be quite reasonable. However, when adopting this average value, there exists the possibility that characteristics representing larger-sized plots will not be considered. It is therefore recommended that 11 plants per plot would be the most efficient, since this number allows good results for all the characteristics.
Using the methods of Modified Maximum Curvature and Maximum Curvature of the Variance between plots, a plot size of eight plants is recommended for the production characteristics of the castor bean (PALUDO et al., 2015) . 
